Abstract This study explored baseline levels of knowledge and attitude toward genetic testing (GT) for hereditary breast and ovarian cancer among Puerto Rican women. A secondary aim was to evaluate whether these factors differed between respondents in Puerto Rico and Tampa. Puerto Rican women with a personal or family history of breast or ovarian cancer who live in Puerto Rico (n=25) and Tampa (n=20) were interviewed. Both groups were interested in obtaining GT; women living in Puerto Rico were more likely to report they would get GT within 6 months (p=0.005). The most commonly cited barrier was cost; the most commonly cited facilitator was provider recommendation. There was no difference in overall knowledge between Tampa (M=5.15, SD=1.63) and Puerto Rico (M=5.00, SD=1.87) participants (p=0.78). Involving health care providers in recruitment and highlighting that GT may be available at minimal or no cost in the USA and Puerto Rico may facilitate participation.
Introduction
The majority of hereditary breast cancers are associated with mutations in BRCA1 and BRCA2 (BRCA1/2) tumor suppressor genes (Miki et al. 1994; Wooster et al. 1995) . A recent study of cancer risks in BRCA1/2 mutation carriers in a large US-based sample estimated the cumulative breast cancer risk at age 70 years to be 46% in BRCA1 carriers and 43% in BRCA2 carriers. Cumulative ovarian cancer risk was 39% in BRCA1 carriers and 22% in BRCA2 carriers (Chen et al. 2006) . Additionally, BRCA mutation carriers have a 40-60% lifetime risk for a second primary breast cancer (Ford et al. 1994; Metcalfe et al. 2004; Robson et al. 2005) .
Several recent studies have documented the presence of BRCA mutations in Hispanic women (Mullineaux et al. 2003; Weitzel et al. 2005 Weitzel et al. , 2007 . A population-based study from the Northern California Cancer Registry reported that Hispanic women with a personal history of breast cancer have the highest prevalence of BRCA1 mutations compared to other racial/ethnic minority groups (i.e., African American, Asian American) in the USA (John et al. 2007) . However, existing studies in the USA documenting BRCA mutation prevalence in Hispanic populations were based on participants that were predominantly of Mexican origin (Mullineaux et al. 2003; Weitzel et al. 2005 Weitzel et al. , 2007 .
In the USA, the term "Hispanic" refers to a heterogeneous group that shares a common language and some sociocultural markers. Although most Hispanic populations are expected to be a mix of three ancestral populations (African, European, and Native American), the relative proportion of each ancestral genetic background has been shown to vary within and across Hispanic populations (Gonzalez Burchard et al. 2005) . Previous studies using ancestry informative markers have shown that Puerto Ricans carry more European and African ancestry, but significantly less Native American ancestry compared to Mexicans (Salari et al. 2005) . Given those differences, it is important to evaluate the prevalence and penetrance of BRCA mutations by subethnicity.
BRCA founder mutations, a defined set of recurrent mutations in genetically similar populations with a common ancestry, have been identified in several populations, including in Hispanics from California (Weitzel et al. 2005) . The presence of founder mutations has allowed the development of simplified screening panels for initial mutation screening, thereby providing a cost-effective approach to genetic testing (GT) for hereditary breast and ovarian cancer (HBOC). In a retrospective study of 23 female breast cancer patients undergoing GT for BRCA mutations in the highest volume breast surgery practices in San Juan, Puerto Rico, a total of 11 different deleterious mutations were observed, including two mutations in BRCA1 and nine mutations in BRCA2. Three recurrent mutations (BRCA1 del exon1-2, BRCA2 4150G>T, and BRCA2 6027del4) accounted for over 70% of all the BRCA mutations observed in this study population (J. Dutil, personal communication). However, these findings must be confirmed in larger cohorts of Puerto Rican women. As such, researchers may recruit women from US cities with large Puerto Rican populations, such as Tampa, Florida; the island of Puerto Rico; or both locations, to participate in these studies.
The cancer risks, available risk management strategies including chemoprevention, surgery, and surveillance available both in the USA and Puerto Rico, as well as the risks to family members make it clinically and ethically imperative that patients who may participate in these studies are aware of the implications of participating in testing. Thus, active patient recruitment and the provision of pre-and post-test genetic counseling will likely be necessary in the context of a research protocol. Even in studies that conduct mutation testing on archived samples, follow-up notification and counseling for patients who test positive may still be required. Therefore, informing patients about HBOC and GT is a critical component to an effective study design.
Given the greater availability of clinical BRCA testing, exposure to media coverage, and advertisements related to HBOC and BRCA testing in the USA (Jacobellis et al. 2004; Mouchawar et al. 2005a, b) compared to Puerto Rico, there may be differences by location related to knowledge and interest in GT that may impact recruitment and education efforts in these locations. The purposes of the current pilot study were to explore baseline levels of knowledge, cultural factors, attitudes toward, and interest in GT and to evaluate whether these factors differed between Puerto Rican women who live in Puerto Rico and Tampa, Florida. These data will be used to develop and refine targeted recruitment approaches and counseling protocols for a future research study to establish the prevalence and penetrance of BRCA mutations in Puerto Rican populations.
Materials and methods

Overall study context
The geographic proximity and large Hispanic populations in Puerto Rico and Florida have laid an important foundation for the development of an academic partnership between the Ponce School of Medicine (PSM) in Puerto Rico and Moffitt Cancer Center (MCC) in Tampa. Through an NCI-funded cooperative agreement, the PSM-MCC Partnership is a collaboration between a minority-serving institution (PSM) and an NCI-designated comprehensive cancer center (MCC) to address cancer-related health disparities among Hispanics. The Tampa-based team of the MCC had an existing study to identify differences in knowledge and attitudes toward HBOC and GT in a multiethnic sample of Hispanic women in Tampa (Quinn et al. 2011; Vadaparampil et al. 2010a, b) . The Puerto Ricobased team of the PSM is conducting a study aimed at identifying the prevalent BRCA mutations in Puerto Rico and at evaluating available models of carrier risk assessment in this population. Based on these mutual interests, a sample of women were recruited from Puerto Rico and compared with the subsample of Puerto Rican participants from the multiethnic study of Hispanics in Tampa (Quinn et al. 2011; Vadaparampil et al. 2010a, b) . The information collected in this project was intended to inform future population-based studies to better define the prevalence and penetrance of BRCA mutations specific to Puerto Rico.
Design and setting
Eligible consenting individuals participated in a semistructured in-depth qualitative interview followed by a series of structured quantitative survey items for descriptive and exploratory purposes. Therefore, the sample size (n= 45) was based on estimates of the number needed for exploratory qualitative interviews (Guest et al. 2005; Kvale 1996) , rather than statistical power calculations. The current study presents only the quantitative data. Participants were recruited after the project received appropriate institutional review board approvals in both Tampa and Puerto Rico, and 
Participant recruitment and data collection
The overall recruitment methods in Puerto Rico and Tampa were similar and summarized below. Additional details about the recruitment and results for the Puerto Rico- (August et al. 2011) and Tampa-based (Quinn et al. 2011; Vadaparampil et al. 2010a, b) samples can be found in additional reports. Eligible participants were Hispanic women who: (a) were between 21 and 65 years old, (b) resided in Puerto Rico or Tampa, (c) had a personal diagnosis of breast cancer at ≤age 50 or ovarian cancer at any age or had at least one first-degree relative (FDR; mother, sister, daughter) diagnosed with breast cancer before age 50 or at least one FDR diagnosed with ovarian cancer at any age, (d) self-identified as Puerto Rican, and (e) had not previously had genetic counseling and/or GT for hereditary cancer. Participants were recruited by a team of bilingual-bicultural trained research assistants using community-based outreach methods (e.g., attending cancer support groups) and distribution of a flyer with a brief description and purpose of the study, basic eligibility criteria, and a telephone number for prospective participants to call with questions or to express interest in the study. Eligible, consenting individuals were interviewed in person. The interview and survey items required 45-90 min in total to complete. At the end of the interview, participants received a $25 honorarium.
Measures
Our primary outcome variable was interest in GT. This was assessed by providing a brief description of GT: "Among men and women with a strong family history of certain cancers such as breast and ovarian cancer, genetic testing has become available to identify those at higher risk of developing these specific cancers." Participants were then asked to rate how strongly they agreed with the statement that they would be likely to have GT in the next 6 months if it were available to them. Table 1 provides a brief summary of several cultural, knowledge, and attitudinal factors of interest. We also evaluated the following sociodemographic and medical characteristics via a self-report questionnaire: age, marital status, have children, education, employment status, religion, income, personal history of breast cancer before age 50, personal history of ovarian cancer at any age, FDR (i.e., mother, sister, or daughter) with breast cancer before age 50, and FDR (i.e., mother, sister, or daughter) with ovarian cancer at any age.
Data analysis
Data were analyzed using SAS® v. 9.1 software (SAS Institute 2003). All tests were two sided with a statistical significance level set at p≤0.05. For the items related to attitudes toward GT, responses were collapsed into two categories: (1) those who responded "strongly agree" or "agree," and (2) those who responded "strongly disagree," "disagree," or "don't know." The 11 knowledge items were summed to create a composite knowledge score (range, 0-11). An independent samples t test or analysis of variance was used to compare composite knowledge among the responses given for the demographic and clinical characteristics. Because a goal of this study was to identify baseline levels of knowledge about various aspects of HBOC and GT that may be addressed either during recruitment or participant counseling (e.g., prevalence, risk factors, and inheritance), we conducted comparisons between locations (Puerto Rico and Tampa) and knowledge (correct response or incorrect/don't know) using a chi-square test of homogeneity for each of the knowledge items. In instances where the cell count was ≤5, a Fisher's exact test was conducted. We used a similar approach to evaluate attitude toward GT by location. An independent samples t test was conducted to compare composite knowledge by location. No multiple comparison adjustments were considered due to the exploratory nature of this study.
Results
Demographic, clinical, and cultural characteristics of the study population Of the 45 individuals who participated in this study, 25 were from Puerto Rico, and 20 were from Tampa. As shown in Table 2 , most participants were aged 31-50 (44%) or older than 50 (42%). Most participants were married (60%), had children (82%), employed full or part time (60%), and Catholic (67%). The largest proportion had a college education (40%) and income ≤$20,000 (38%) relative to other educational attainment and income levels. Additionally, most participants (80%) were born in Puerto Rico. The only statistically significant difference in sociodemographic characteristics by participant location was that of income, such that participants from Puerto Rico reported lower income (p=0.01). Regarding personal cancer history, 36% reported a breast cancer diagnosis before age 50, and 9% reported a history of ovarian cancer. With respect to FDR cancer history, 31% reported having an FDR diagnosed with breast cancer before age 50, and 4% had an FDR with a history of ovarian cancer.
Regarding cultural characteristics, most participants were not born in the mainland USA (80%). Respondents (Hopwood et al. 2001; Lerman et al. 1997a; Lerman et al. 1996; Lerman et al. 1997b) Yes, no, don't know All items were scored as a 1 if the respondent provided the correct answer and a 0 if they gave an incorrect or "don't know" response. This allowed for the calculation of an overall knowledge score that could range from 0 to 11
Attitude towards GT 8-Items measuring GT barriers and facilitators. (Peters et al. 2006; Vadaparampil et al. 2007) 5-Point scale ranging from 1 (strongly agree) to 5 (strongly disagree)
Each item considered individually 
Interest in GT by location
Results from Fisher's exact test indicated a significant difference between location and reporting that one would get GT within the next 6 months (p = 0.005), with respondents from Puerto Rico more frequently reporting agreement (i.e., strongly agree or agree) with this statement than those from Tampa. Figure 1 presents responses to three items measuring facilitators related to GT and five items measuring barriers related to GT by participant location. Comparisons for each item by location were not statistically significant (p>0.05). In general, more participants reported they strongly agreed or agreed with the positive attitudinal items compared to the negative attitudinal items. 2000) . Although Puerto Ricans are taught English as a second language from kindergarten through high school, it does not appear to be the preferred primary language for daily communication in Puerto Rico. Furthermore, the language of recruitment materials may need to be either bilingual or English based in Tampa compared to bilingual or Spanish based in Puerto Rico. Our study found that overall interest in GT for HBOC is high, with 100% of Puerto Rican and 70% of Tampa participants agreeing that they would have a GT in the next 6 months if it were made available to them. The Tampabased women expressed similar levels of interest to previous studies in the general population and other USbased Hispanic populations. A systematic review that included 25 studies that assessed interest in GT for hereditary cancer found that hypothetical uptake (i.e., testing is not offered in the context of the study) was 66% (Ropka et al. 2006) . Previous studies that looked at interest in GT among Hispanic women had even higher rates of interest between 82% and 85% (Ramirez et al. 2006; Ricker et al. 2007) . Early data suggest this interest may extend to actual uptake of cancer genetics services. In a recent study of attendance for cancer genetic counseling appointments among a predominantly Hispanic population, 80% of women kept their appointments (Ricker et al. 2006) .
Knowledge about hereditary cancer by location
With respect to facilitators for GT, the majority of women in Puerto Rico and Tampa agreed that having a provider-recommend GT was important. This finding is similar to previous studies in the USA that indicate physician recommendation represents a powerful motivation for uptake of cancer genetics services (Ricker et al. 2006; Ropka et al. 2006; Schwartz et al. 2005) . Therefore, physicians can play an important role in identifying and informing at-risk women about HBOC and GT. The other motivation for testing that a large proportion of women from both locations agreed upon was if the information could help children make health care decisions. These findings are consistent with previous studies that have found that providing information to family members, particularly children, is one of the most important predictors of interest in and/or intention to obtain GT for a variety of hereditary cancers (Kinney et al. 2000 (Kinney et al. , 2001 Lerman et al. 1995; Ulrich et al. 1998) . Given the importance placed on the family in Hispanic culture, health care decisions have been found to be made more collectively, which supports these findings (Flores 2000; Granda-Cameron 1999; Pasick et al. 2009 ).
Despite the high interest in GT, there were some factors cited by both women in Puerto Rico and Tampa that may serve as barriers to uptake. Although barriers were cited far less frequently than motivators, 20-40% of women in each group cited both cost and possible pain associated with the test as two main barriers. It is not surprising that cost was the main barrier cited by women in each group. In the USA, Hispanics are more likely to be either under-or uninsured. The cost of comprehensive BRCA testing is between $3,000 and $4,000 (Daly 2004) . In the USA, many insurance plans do cover the majority of costs associated with GT for HBOC for individuals meeting certain criteria (Kieran et al. 2007 ); however, Hispanics in the USA are approximately three times more likely than Whites to be uninsured (Anton-Culver et al. 2000) . Currently, in the USA, the Medicare program (national insurance for individuals ≥age 65) covers the cost of GT if certain clinical criteria are met (http://www.cms.gov/mcd). Additionally, at the time this study was conducted, the current national health care system in Puerto Rico did not cover the cost of GT. However, more recent information indicates that the three major health insurance companies in Puerto Rico (Triple-S, Humana, and MCS) are now covering the cost of the test with deductibles ranging from 0% to 30%. While women may not know the exact cost of GT, concerns about out-ofpocket health care expenses may deter many women from enquiring about or accessing genetic services.
The next most frequently cited barrier by women in each group was concerns about whether the test would be painful. This may reflect women's minimal knowledge about GT. Data from both the 2000 and 2005 National Health Interview Survey suggested that less than one third of Puerto Rican women have heard of GT for inherited cancer susceptibility, compared to approximately half of all Whites (Heck et al. 2008; Vadaparampil et al. 2006; Wideroff et al. 2003) . A recent analysis of qualitative data from the larger study based in Tampa further supports this lack of familiarity with cancer-related GT as participants from various Hispanic ethnicities, including Puerto Rico, would not know how to describe GT to a friend (Vadaparampil et al. 2010a ). Thus, given low baseline levels of familiarity with the availability of GT for hereditary cancer, it is possible that the way the item was phrased ("I would not have GT if the test was too painful") may have led women to believe that there were other procedures beyond a blood draw for GT. Perhaps women assumed cancer GT to be similar to GT in the context of the prenatal care where procedures beyond a blood draw, such as amniocentesis, may be performed as part of GT.
Further evidence of this lack of knowledge is found in the current study results, which suggests that, on average, women from both Puerto Rico and Tampa correctly answered fewer than 50% of questions about HBOC. Of the areas of knowledge that were assessed, the area with the greatest deficit appeared to be related to prevalence of BRCA mutations and BRCA-associated breast cancer risk. Our items were not designed to evaluate whether women were incorrectly answering based on the beliefs that the prevalence was higher or lower for these two questions. However, a recent study which compared perceived cancer risk across various racial/ethnic groups among respondents of the Year 2007 Health Information Trends Survey found that Hispanics had lower levels of perceived risk compared to Whites after adjusting for key sociodemographic characteristics (e.g., age, gender). Additional analyses revealed that perceived cancer risk varied less strongly with regard to family history among Hispanics compared to Whites and Blacks Orom et al. (2010) . While overall knowledge for both groups was low, women in Tampa were more likely to know that a woman could still develop cancer in the absence of an altered breast cancer gene. This may suggest that the women in Puerto Rico placed a greater emphasis on the role of genetics in breast cancer risk. Therefore, women in Puerto Rico may need to receive educational messages about other breast cancer risk factors (e.g., lifestyle, age) to put the role of genetic factors into context.
To our knowledge, this is one of the first studies to look at a cross-national sample of Puerto Rican women to evaluate interest and knowledge related to HBOC and GT. Despite the availability of GT for hereditary cancer for over a decade in the USA, extensive media coverage, and directto-consumer advertisements related to GT, there were minimal differences with respect to knowledge and interest in GT for HBOC between Puerto Ricans living in Puerto Rico and Tampa.
Limitations
While this study was an important first step in exploring interest and attitudes related to HBOC and GT among Puerto Rican women, there are some limitations that should be considered. First, there were some differences in demographic characteristics that may have impacted comparison between the Tampa and Puerto Rico sample. Although not statistically significant, the Puerto Rico sample was older. The Puerto Rico sample was also significantly less likely to indicate English language preference. However, due to the small sample of study participants (n=45), we were unable to explore the impact of these differences on our outcomes of interest. Second, a convenience sample was utilized in the study, limiting generalizability of study findings. Furthermore, women who self-select to participate in studies, such as this one, may be systematically different from those who do not choose to participate. Thirdly, there were slightly different recruitment approaches used in Puerto Rico and Tampa which may impact the comparability of participants. However, we adapted our recruitment approach in Puerto Rico based on the advice of individuals who lived and worked with our target population in Puerto Rico. It is possible that these women may inherently be more interested in matters related to health and cancer prevention and treatment. Consequently, they may express more interest in GT, as described in this study. Finally, we used single items to explore barriers and facilitators to GT, thus precluding in-depth understanding of why women may have cited these factors as relevant to their interest in GT. Further, more in-depth investigation of the factors associated with GT among larger samples of Puerto Rican women living in Puerto Rico and Tampa is warranted.
Conclusions
BRCA genetic counseling and GT remain largely underutilized among Hispanic populations in the USA and is not readily available in Puerto Rico. Thus, for Puerto Rican women in both locations, participation in research studies may be an important means of accessing BRCA genetic counseling and GT. Research study recruitment efforts should take into account the differences in sociodemographic characteristics by participant location; specifically, recruitment materials should be tailored based on language preferences, and recruitment endeavors should address participant financial challenges associated with follow-up care. The data from this study suggest that women in Puerto Rico and Tampa are interested in obtaining GT. However, when questioned further, women from both locations cited cost as a main barrier to uptake of GT. Therefore, research studies may enhance participation rates by highlighting that GT may be available at minimal or no cost to study participants.
Conversely, there were key areas that may motivate women to have GT. Given the importance placed on provider recommendation as a motivation for GT, health care providers may be an important group to reach women who are candidates for BRCA GT. Similarly, emphasizing the benefits of participating in genetic counseling and testing for family members, particularly siblings and adult children, may also serve as a factor to enhance participation in future studies. Finally, given that protocols offering BRCA GT generally include genetic counseling, this study provides key knowledge deficits that should be addressed, particularly with regard to prevalence of BRCA mutations and BRCA-associated cancer risks. Women in Puerto Rico may need additional information about the role (and interplay) of genetics with other breast cancer risk factors. Based on our preliminary results, there are key attitudinal and knowledge factors that warrant further consideration in the context of recruitment strategies and protocol development for research studies to establish the prevalence and penetrance of BRCA mutations in the Puerto Rican population.
